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Abstract – The land requirement for Putri Betung Sub District in Gunung Leuser National Park (GLNP) area kept 
increasing along with the population growth. The population density in the Putri Betung Sub-district was driven by the 
need for cultivation and residential area along the GLNP conservation boundary. This study aims to analyze the space 
adequacy for Putri Betung Sub-District in the GLNP area based on the population pressure prediction for 20 years. 
The research method was conducted by field survey using remote sensing, interviewed the residents, and analyzed the 
population pressure index using the Soemarwoto formula. The Population Pressure Index (PPI) for the cultivation area 
was determined from 13 villages in Putri Betung Subdistrict and shows that 12 villages had a PPI> 1 value (population 
pressure was over the land carrying capacity limits). Only one village had PPI <1 (population pressure less than the 
land carrying capacity. Based on data surveys obtained, the cultivation area set in the Putri Betung area was no longer 
sufficient for population, resulting from the expansion in the GLNP area of 4,776.97 ha. Meanwhile, predictive analysis 
on space adequacy for people living decently in Putri Betung Sub District for 20 upcoming years is 6117.15 ha. In 
conclusion, 12 out of 13 villages in the Putri Betung SubDistrict have PPI > 1 value, which is inversely proportional to 
the land carrying capacity. The PPI values could result in other pressures on the ecology and biodiversity conservation 
in National Park. It is suggested that the government need to surpass the pressure by making new policy on people’s 
resettlement, expanding the cultivation area, or shifting people's livelihoods. 
Keywords: Space adequacy, Leuser national park, population pressure index, land carrying capacity 
Introduction 
Population pressure is a move that encourages inhabitants, especially planter, to expand their cultivation 
land or to leave agricultural employment (Ruhimat, 2015). Population pressure is a symptom of 
overpopulation (Rusli, 2009). A study in Ethiopia National Park, Gambella showed that land use and cover 
changes were caused by the resettlement program, population growth, and agriculture farmland extension. 
It has caused varied and extensive environmental degradation to the national park ((Degife et al., 2018). The 
main drivers of increasing impacts on national parks were the increased human population density and 
improved access to parks from roads, rivers, and coastlines (Dwiyahreni et al., 2021). 
In 1981, Gunung Leuser National Park (GLNP) held two statuses on a global scale, namely as a Biosphere 
Reservation which has three functions, namely (1) contributing to the conservation of landscapes, 
ecosystems, species, and germplasm, (2) fostering a sustainable economy, and ( 3) supporting logistics for 
monitoring research, education, and a Training area related to conservation and sustainable development 
issues. In 2004, GLNP was recognized as the world heritage ratified by more than 180 countries, including 
Indonesia, through Presidential Decree No. 29 of 1989. GLNP is also a natural laboratory consist of rich 
biodiversity as well as a vulnerable ecosystem. MacKinnon and MacKinnon (1986) state that Leuser Park 
gets the highest score for conservation contributions to conservation areas in the entire Indo Malaya region. 
GLNP provides water supply for 4 (four) million people living in Aceh Province and North Sumatra 
Province. Nearly 9 (nine) districts depend on GLNP's environmental services, namely the availability of 
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consumption water, irrigation water, guarding soil fertility, controlling floods, and so on. The watershed 
protected by GLNP and the Leuser Ecosystem is 5 (five) watersheds in the Aceh Province, namely the 
Jambo Aye Watershed, Tamiang-Langsa Watershed, Singkil, Sikulat-Tripa Watershed, and Baru-Kluet 
Watershed. Meanwhile, the North Sumatra Province are Besitang Watershed, Lepan Watershed, and Wampu 
Sei Ular Watershed. This shows that the role and function of forest areas in the Leuser Ecosystem and 
GLNP are huge in supporting life support systems and sustainable development, especially in downstream 
areas. However, the community's increasing needs can threaten the GLNP ecosystem in Putri Betung 
District, Gayo Lues Regency (Wiratno, 2012). 
Putri Betung sub-district is located inside the Gunung Leuser National Park (GLNP) area. Along with 
the population growth rate in the National park, the land requirement in Putri Betung Sub District was 
continued to increase. However, in GLNP, a cultivation area is allocated in the form of two enclaves covering 
an area of 2,772.91 hectares (Ministry of Environment and Forestry Decree No. 103 the Year 2015), namely 
the Gumpang enclave covering an area of 1,795.99 hectares and the Marpunge enclave covering an area of 
976.92 hectares. The community used the entire enclave land, and now the community has even ventured 
out of the enclave. The main factor driving the population to move slowly to the Gunung Leuser Wildlife 
Reservation area was the Kutacane - Blangkejeren road network by Colonel Van Dallen in his operation to 
the inner part of the inner part Gayo, which divides the Kappi Wildlife Reserve and the Leuser Wildlife 
Reservation. Based on the Decree issued by the Minister of Agriculture No. 697 / kpts / um / 12/1976 
about the layout of enclaves in Gumpang and Marpunge, the two settlements were designated as enclaves. 
It is mandated that the people living in enclaves can no longer expand their cultivation land beyond the 
predetermined boundaries (Wiratno, 2012). However, many National Park places showed that population 
density exceeded the land carrying capacity (Soemarwoto, 1985). The National park in Brazil has also 
identified the environmental threats from the proposed road and pressures on the park from the surrounding 
human population, which could endanger the park's biodiversity. (Prasniewski et al., 2020). 
Based on this background, one of the main pressure in GLNP is the population pressure due to migration 
to and from nearby areas within Gayo Lues Regency and the need for cultivation areas. This situation will 
affect the requirement for clothing, food, and shelter. The space adequacy analysis must be considered in 
managing the National Park in the Future. The land carrying capacity was determined from the ability of 
land and its natural resources to support human living decently. The land use must depend on the capacity 
of land resources, while the allocation of land use must be considered based on the land's capacity.  
The purposes of this study are: (1) to analyze the effect of population pressure index on the land 
requirement in the GLNP area of Putri Betung SubDistrict for the period of 20 (twenty) years from 2013 to 
2033, (2) to analyze the space adequacy allocation for cultivation and to provide the recommendation to 
address the population pressure in the national park area. 
 
Materials and Methods 
The research was conducted from April to August 2018 in Putri Betung Sub-district,  Gayo Lues District, 
Aceh Province, Indonesia (Figure 1). 
In this study, some maps, e.g., Administrative Map of Putri Betung Sub District, Gayo Lues District, scale 
1: 250,000, Map of Soil Type scale 1: 250,000, Slope map scale 1: 250,000, Land Used Map at scale 1: 250,000, 
and Map Spatial Pattern of Gayo Lues Regency RTRWK scale 1: 250,000. Population data for 2012 - 2018 
were obtained from the Central Statistics Agency of Gayo Lues Regency (BPS in Figures 2018). Data on the 
number of farmers in the District and each village was obtained from the Aceh Agriculture and Plantation 
Office. The land survey by remote sensing was conducted using GPS (Global Positioning System) 
instruments and spatial analysis software ArcGIS 10.5 and Microsoft Office 2016. 
Analysis of Population Pressure 
The research method used is a descriptive method that is carried out on many objects within a certain 
period to produce a thematic map model (Nasution, 2002). The population pressure index on cultivation 
can be calculated using a formula (Soemarwoto, 1985): 
 
𝑃𝑃 = 𝑍 +
𝑓 𝑃𝑜 (1+𝑟)𝑡
𝐿
        (1) 
Information: PP = Population Pressure; Z = average area of land required per person to live a decent life; f 
= fraction of the population who live as farmers; Po = total population reference time to; r = annual 
population growth rate; t = calculation time period; L = area of cultivation land. 
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The value of Population Pressure (TP) is classified into three, namely: PP> 1, there is population pressure 
that exceeds the capacity limit of the land or the area is unable to meet the living needs of its inhabitants at 
a proper level, TP = 1: Optimal use of agricultural land for land capacity is still able to meet the needs of the 
population at a decent level, TP <1: There has not been population pressure on land, or it can be said that 
the area's land is still able to meet the needs of the population. Population Pressure (PP) is an index that 
indicates the dependency of the number of people on the land, especially in terms of Z (reduced protection 
function) (Sukisno, 2010). The Z value is calculated using the formula: 
 
Z =
(𝑂,25 𝐿𝑆12)+(0,50 𝐿𝑆𝐼1)+(0,50 𝐿𝑆𝑇)+(0,76 𝐿𝐿𝐾 )
(𝐿𝑆12+𝐿𝑆𝐼1+𝐿𝑆𝑇+𝐿𝐿𝐾)
     (2) 
LSI2  = harvested irrigated rice field area > 2 times a year,  
LSI1  = area of irrigated rice field harvest one time a year, 
LST  = area of rainfed rice fields, 
LLK  = area of dry land 
Percentage of Farmers in Population (f) (Eq.3) is obtained from the formula proposed by Soemarwoto 
(1985.) 
f =
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓 𝑓𝑎𝑟𝑚𝑒𝑟 𝑎𝑛𝑑  𝑡ℎ𝑒 ℎ𝑒𝑙𝑝𝑒𝑟 
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 x 100%     (3) 
 
Population Growth Rate (r). The geometric growth rate formula is shown below in equation 4. 
Pt = Po (1 + r) t       (.4) 
Namely: Pt = total population in year t; Po = Number of residents in the initial year; r = population 
growth rate; t = time, which is expressed in years. 
The value of the Land Carrying capacity is the inverse value of population pressure on the cultivation 
area. 
Where: LCC > 1: High land Carrying capacity; LCC = 1: Optimum land carrying capacity; LCC  <1: Low 
land carrying capacity. 
 
 
Figure 1. Location of the Putri Betung Sub District in Gayo Lues District, Aceh Province 
 
Population growth that is higher than the land carrying capacity will generate population pressure and 
encourage residents to leave their homes (Prawiro, 1983). Meanwhile, an increase in population is also closely 
related to land needs, resulting in the conversion of agricultural land, which affected the ecological changes 
and led to environmental degradation (Sartohadi, 2008). 
 The research flow chart for analyzing population pressure on cultivation land in the GLNP area was 
shown in Figure 2. 
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Figure 2. Research Flow chart 
 
Results  
Population Pressure Analysis 
According to data on Tabel 1. The space adequacy analysis based on population pressure in Putri Betung 
Subdistrict was predicted using population growth and rate data from 2013-2032 (20 years periods). The 
Soemarwoto formula (1985), consisting of equations 1, 2, and 3, was applied to analyze the population 
pressure index. If the population pressure value is greater than 1, then the area has experienced population 
pressure that exceeds the carrying capacity of the land to fulfill the needs of its inhabitants at a decent level. 
Table 1. Shown the results of the calculation of population pressure on cultivation land in thirteen (13) 
villages in Putri Betung SubDistrict. It was revealed the value of population pressure in twelve villages mostly 
is PP> 1, and one village has PP <1, namely Gumpang Lempuh Village. The highest population pressure 
found in Gumpang village (PP value 3.61) has the largest forest encroachment and people’s movement for 
residential areas along the road, followed by Meloak Aih Ilang village (PP value 3.01), which has the same 
population and forest encroachment growth. The economic and social aspects drove these two villages’ 
population movements.  
The map of calculated population pressure in Putri Betung District, Gayo Lues Regency was shown 
in Figure 3. Land for the farmer is not limited to a permanent residence but is a medium for farming and 
plantain activities. Suppose the population continues to increase while the area of land and productivity 
remains constant. In that case, there will undoubtedly be a shock to the existence of the people, especially 
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Table 1. Results of population pressure on cultivation land requirement in 13 villages of Putri Betung. 
No. Village PP Classification 
1 Marpunge  2.64 PP> 1 
2 Ramung Musara 1.98 PP> 1 
3 Meloak Sepakat 1.62 PP> 1 
4 Gumpang 3.61 PP> 1 
5 Pintu Gayo 2.33 PP> 1 
6 Jeret Onom 1.04 PP> 1 
7 Kute Lengat Sepakat 3.01 PP> 1 
8 Pungke Jaya 1.99 PP> 1 
9 Singah Mule 1.76 PP> 1 
10 Meloak Aih Ilang 3.07 PP> 1 
11 Uning Pune 1.13 PP> 1 
12 Putri Betung 1.41 PP> 1 
13 Gumpang Lempuh 0.77 PP <1 
 
Figure 3. Population Pressure Map of Putri Betung Sub District. 
Population Growth Rate analysis 
The predicted population growth rate in the Putri Betung Sub-District for the next 20 years (Periods of 
2013-2033) is shown in Table 2. 
 




2012 2017 2022 2027 2032 
1 Marpunge  473 538 612 696 792 3.00 
2 Ramung Musara 753 746 739 732 725 -0.20 
3 Meloak Sepakat 249 270 293 318 345 2.00 
4 Gumpang 716 869 1055 1281 1555 4.00 
 5 Pintu Gayo 432 467 505 546 590 2.00 
6 Jeret Onom 291 282 273 264 255 -1.00 
7 Kute Lengat Sepakat 569 626 689 758 834 2.00 
8 Pungke Jaya 426 451 477 504 533 1.00 
9 Singah Mule 613 583 554 526 499 -1.00 
10 Meloak Aih Ilang 617 709 815 937 1077 3.00 
11 Uning Pune 706 632 566 507 454 -2.00 
12 Putri Betung 580 579 578 577 576 -0.03 
13 Gumpang Lempuh 473 373 294 232 183 -5.00 
Total 6,898 7,125 7,450 7,878 8,418 0.60 
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An increase will always follow an increase in the population in an area in need of land. So that population 
growth and its activities require more land area, which results in specific land pressures with their functions 
and allotments (Syahar, 2011). This occurs due to the development of the population living in the area, which 
results in the area being unable to accommodate the activities carried out by the people.  
Land Requirements 
The land requirement index for 20 years (2013-2033), population need to live decently in Putri Betung 
Subdistrict were presented in Table 3. The area of land required for a decent living (Z value) can be 
determined based on the location of irrigated rice fields (LSI), rain-fed rice fields (LST), and dryland areas 
(LLK). The area of land required for proper- living to the area of land that residents can use to support their 
activities (work) and their lives. Meanwhile, the dry land area (LLK) consists of plantation areas, 
yards/buildings, community forests, and state forests. In Table 3, the space adequacy requirements for a 
decent life in each village in Putri Betung Sub District were shown. The spatial map is based on the land 
requirement index presented in Figure 4. 
Table 3. Land area requirements for a decent life in each village in Putri Betung Sub District.  
No. Village Z Value (Ha) 
1 Marpunge  0.76 
 2 Ramung Musara 0.76 
3 Meloak Sepakat 0.76 
4 Gumpang 0.62 
5 Pintu Gayo 0.74 
6 Jeret Onom 0.76 
7 Kute Lengat Sepakat 0.76 
8 Pungke Jaya 0.76 
9 Singah Mule 0.76 
10 Meloak Aih Ilang 0.76 
11 Uning Pune 0.70 
12 Putri Betung 0.73 
13 Gumpang Lempuh 0.62 
Figure 4. Map of Land Area requirements for living decently in Putri Betung Sub District. 
 
The Land Carrying Capacity (LCC) 
Assessment of the carrying capacity of land in this study is based on population pressure on cultivation 
areas. Population pressure on land is inversely proportional to the land's carrying capacity, namely LCC = 1 
/ PP. The value of the carrying capacity of the land at the research location is presented in Table 4. 
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Table 4. Land Carrying Capacity (LCC) per village in Putri Betung District. 
No. Village LCC Classification 
1 Marpunge  0.38 LCC <1 
2 Ramung Musara 0.51 LCC <1 
3 Meloak Sepakat 0.62 LCC <1 
4 Gumpang 0.28 LCC <1 
5 Pintu Gayo 0.43 LCC <1 
6 Jeret Onom 0.96 LCC <1 
7 Kute Lengat Sepakat 0.33 LCC <1 
8 Pungke Jaya 0.50 LCC <1 
9 Singah Mule 0.57 LCC <1 
10 Meloak Aih Ilang 0.33 LCC <1 
11 Uning Pune 0.88 LCC <1 
12 Putri Betung 0.71 LCC <1 
13 Gumpang Lempuh 1.30  LCC >1 
 
A spatial map of the land carrying capacity of Putri Betung Sub District in Gayo lues Regency was 
presented in Figure 5. From data in Figure 5. It can be seen that the carrying capacity of the land is greatly 
influenced by population pressure—the higher the population pressure, the lower the carrying capacity of 
the land. 
The results of a study conducted by Bappeda of Gayo Lues Regency in 2015 on the planning of relocating 
the population of Putri Betung sub-district showed that 40% of the respondents depend on their lives in the 
buffer zone to support their economic life. The same study conducted in East Africa National park stated 
that human population growth and demands for natural resources might have caused forest loss and reduced 
biodiversity. (Pfeifer et al., 2012).  
 
Figure 5. The Land Carrying Capacity of Putri Betung Sub District. 
Discussion 
Population pressure in Putri Betung Sub-District  
While the farming land area set was fixed, the increasing population is the factor that causes changes in 
land use in the Putri Betung SubDistrict of Gunung Leuser National Park from 2012 to 2023 . The increase 
in population and life demand caused the need for a larger space to live decently. This land used changes is 
a transformation in the space adequacy resources from one or other function. The population growth in one 
place has an impact on increasing land requirements.  
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Table 1 showed the population pressure (PP) analysis done in 13 villages in Putri Betung SubDistrict with 
PP value range from 0.77 – 3.61, and 12 out of 13 villages have PPI> 1 value. The highest PP was found in 
Gumpang village (3.61) and the lowest in Gumpang Lempuh village (0.77). The quantitative data was account 
for population growth in each village. It showed that Gumpang has the highest population growth and 
Gumpang Lempuh's lowest increase (Table 2). The Spatial map based on the population pressure index in 
Putri Betung SubDistrict was shown in Figure 3. However, Gumpang and Gumpang Lempuh are located 
side by side; in reality, the demography and geographies are very different. As for Gumpang, the land is used 
mainly for cultivation, while Gumpang Lempuh mostly used the land for fisheries. Other 11 villages in Putri 
Betung subdistrict also had a PPI> 1 value, which means that the population pressure index has exceeded 
the land carrying capacity of each village based on population growth study (data from Tabel 4). This study 
only limited the space adequacy analysis in Putri Betung SubDistrict based on population pressure in 13 
villages and its land requirement for 20 years. 
Yuwono et al. (2011) stated that the problems of cultivation land today are the insufficient availability of 
agricultural land, the depletion of existing agricultural land, and the difficulty of developing new agricultural 
lands due to various obstacles. Putri Betung is located inside the protected area of Gunung Leuser National 
Park. This means the land available in Putri Betung Subdistrict could no longer accommodate population 
pressure living in this area. This condition affected the increasing need for cultivated land to move outside 
the boundaries that have been set. Moreover, the population pressure could damage the ecology and 
biodiversity in the National Park.  
Research by Daldjoeni (1981) mentioned that population pressure is the difficulty of the population in 
fighting for their lives due to the population's density in an area that is not followed by the ability of the area 
to support and provide for the life of the people. Rusli (2009) states that population pressure is a symptom 
of overpopulation in an area, given the availability of available resources for the population's needs, following 
the desired standard of living in the area concerned. Associated with the carrying capacity, population 
pressure occurs when the area concerned has exceeded the carrying capacity. Ariani (2012) mentioned that 
the increasing population pressure on agricultural land would cause the land carrying capacity threshold. 
Research by Suputra (2012) mentioned that population growth has resulted in more complex and highly 
competitive land-use problems. The condition of this population significantly affects land availability, 
especially land for cultivation. Based on Table 2. The population data in 2012 in Putri Betung District was 
6,898 people, spreading in 13 villages, with a population growth rate average from 2013 to 2033 is 0.60%. 
However, let's analyzed the data per village closely. There are negative numbers in several villages, namely 
Ramung Musara Village, Jeret Onom, Singah Mule, Uning Pune, Putri Betung, and Gumpang Lempuh 
Village. This will affect the need for land availability, especially cultivation land for providing their main 
staples.  
The highest average population growth rate is found in Putri Betung Subdistrict, namely in Gumpang 
Village, namely 4.00%. Table 2 also shows, this negative population growth is due to several factors, namely 
the birth rate factor, which is smaller than the mortality rate, and the economic factor that causes population 
movement from one place to another. 
 
Land requirement analysis 
Table 3 shows that the space adequacy required for proper living in several villages in Putri Betung 
District is still low. Desa Gumpang and Desa Gumpang Lempuh have the lowest land area suitable for living 
compared to other villages, which is only 0.62 ha. Desa Putri Betung and Desa Pintu Gayo have the next 
lowest land area for proper living, namely 0.73 and 0.74 ha, respectively. Marpunge Village, Ramung Musara 
Village, Meloak Sepakat Village, Jeret Onom Village, Kute Lengat Sepakat Village, Pungke Jaya Village, 
Singah Mule Village, and Meloak Aih Ilang Village with an area of land suitable for a living is 0.76 ha. 
Meanwhile, the area of land suitable for normal living is needed each of 2 ha. This condition can affect the 
deterioration of the carrying capacity of the environment, where the carrying capacity of the environment 
can support the life of humans, other living things, and the balance between the two (Law Number 32 of 
2009) 
The land carrying capacity analysis 
The increasing population influences the decrease in the carrying capacity of the land, the decreasing area 
of land, the percentage of the number of farmers, and the area of land needed for a decent life (Mantra, 
1986; Herlindawati, 2018). Overcome the decrease in land carrying capacity, according to Hardjasoemantri 
(1989), can be overcome by 1) land conversion, namely changing the type of land use towards a more 
profitable business but according to the area; 2) land intensification, namely in using new technology in 
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farming; 3) land conservation, namely efforts to prevent. Besides that, the carrying capacity of the land tool 
is very important to know the extent to which agricultural land can support the fulfillment of the food needs 
of the population in an area (Muborakah et al., 2020). 
Table 4 shows that the value of the land carrying capacity in each village in Putri Betung District is low. 
Of the several villages in Putri Betung District, the Land Carrying Capacity (LCC > 1) is in Gumpang Village, 
which means that the land carrying capacity can still meet the needs of the population in the village. Most of 
the population pressure in Putri Betung Subdistrict Village PP> 1, it can be interpreted that the land carrying 
capacity in Putri Betung Subdistrict is exceeded (LCC <1). According to Mahayana et al. (2017), if the LLC 
value > 1 it means the area is capable of food self-sufficiency, and if the LCC value is <1, it means that the 
area is not capable of food self-sufficiency.  
The land's carrying capacity is the ability of land in the form of an environment to support human life. 
Soemarwoto (1994) argues that the most critical problem related to environmental carrying capacity is 
population pressure on land, especially in the agricultural sector. The higher the population pressure on land, 
the lower its carrying capacity (Muta'ali, 2012).  
The space adequacy analysis on population pressure in the Putri Betung subdistrict showed that most of 
the villages have an overpopulated rate. It could affect the land carrying capacity and biodiversity of the 
national park. It suggested that the government took the best policy in managing the population pressure, 
for example, providing new settlement and socialization on shifting the livelihood to conserve the National 
park function as Biosphere and Biodiversity conservation training area. A study in Ghana and Tanzania 
showed that the national action must be built to make a strong collaboration between the parks and local 
populations to ensure their full support for conservation projects in the parks (Möst et al., 2015). 
Conclusion 
The increment of the population growth in Putri Betung Sub District in Gunung Leuser National Park 
from 2012-2023 has affected the population pressure (PP) in the national park. It was proven by the space 
adequacy analysis based on the population pressure effect on the cultivation land requirements. The PP index 
value varied from 1.13 – 3.61 (PP > 1) in 12 out of 13 villages in the Sub District. The population pressure 
exceeds the limit of the land carrying capacity or the cultivation area. It cannot meet the needs of its 
inhabitants at a decent level for 12 villages, while only Gumpang Lempuh Village has a PP  value of 0.77 (PP 
<1). The government was encouraged to provide the new policy to lessen the other pressure effect on the 
Biodiversity of the Park, such as finding new resettlements, expanding the cultivation area, or shifting 
people's livelihoods while doing the conservation and socialization to the population living in the national 
park. Further research to assess the detailed physical changes in the GLNP area should be conducted by 
considering other factors such as land slope, soil type, altitude, and its influence on the entire national park. 
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